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3) lon application

4) Some other notable application



1) Introduction: accelerator CURRENT vsVOLTAGE vs COST
It isdifficult to summarize all important industrial application of accelerators

S0, let me note some itemsto be discussed (perhaps biased towards
electrostatic accelerators).

Pur pose of network isactually to assemble a more complete view
+) MOST APPLICATION TYPICALLY NEED LARGE CURRENTS
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Example 10000 V, f=1 implies electron current 2.33 A, but H-ion 54 mA

Thisfavourselectrons, when nuclear physics does not reqguest otherwise.
Electron sources are also cheaper than ion sources

Onegloriousindustrial application for electron accelerators hasalmost died:
the Cathode Ray Tube (CRT) for television set.
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About or over 25000 accelerators (without CRT and common X-ray tubes)
installed in theworld (regulatory agencies knows better*). Most are for

A) medical application

B) material modification

with cost/unit distribution
peaked below few ME (I guess)
and energy <10 MeV. Hundred
of unitsare at research
institutes(*), with cost/unit
distribution peaked over 10 ME
(I know). Typically these units
was for high energy or nuclear
physics, but now research
accelerator areinvolved into
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Figure: a guessof cost distribution of
accelerators

lon Beam Sour ces (say C#* for medical treatment),

(*)Nuclear physics applications are well monitored. Info
http://www-pub.iaea.org/M TCD/publications/ PDF/P1433 CD/datasets/summary.html
Mullhauser, AccApp ‘11 - Tenth International Topical Meeting on Nuclear Applications of Accelerators
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C2)Material analysisand processing:

accelerator mass spectrometry

fission waste certification

fission waste bur ning (hopefully),

neutron production ( yield , spectra)

production of radioisotopes (RI) for several medical treatments

non-RI isotope separation (calutronsor PSP, plasma separ ation process)
art manufacture inspections

C3) Energy production development:
Accelerator Driven system for fission,

Neutral Beam Injection for fusion.

It may be hoped that advance in material, accelerator and particle source
physics from C activitieswill propagateto A and B
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ELECTRON APPLICATION

0) The electron microscope (need not current, but very well focused beam)

1) Electron welding

2) Irradiation of materials:
polymers cross-linking (it may improve voltage holding, flame resistance, etc.)
textileindustry (an ideal thin target)

food sterilization
flue gastreatment, air pollution control (seefollowing talk)

3) Light production:
FEL (Velaproject, seefollowing talk)

Synchrotron light
X-ray tubes
Microwave tubes
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|ON APPLICATION
1) Sputtering and thin film deposition
2) Lithography of chips, etc

3)Neutron production (with protons) with designed spectra; seedr
Pisent talk: MUNES-INFN (5 MeV proton)

4) Irradiation of materials (seedr Kulevoy talk, I TEP). At top size range,
|IFMIF project (40 MeV deuterons)

5) Separation of non radioactive isotopes (calutrons, or plasma separation
Process)

Es. 192Pd (1% natural abundance, used to produce 1%Pd for medical app)

Es: U (0.7% natural abundance, dismissed in favor of other methods) [J.

Dawson, F.F. Chen]

Es. 1Mo (9.6% natural abundance, used to ultimately to produce *Tc for

medical app)
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4) OTHER APPLICATIONS

In case fusion rectorswill work, a reasonable market may be Neutral Beam | njec-
tors, under development (also at Padua, Consortium RFX including INFN)

Typical size1 MeV energy, up to55 A current D, 20 m length
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Beam current D- 40 A NBI real connections electrical, cooling, and so
Kineticenergy D-eD° 1 MeV on) for sour

PulseLength 40023600 scheme -

off time between pulses <3 hours
length about 20 m

s

calorimeter

residual ion deflector

bellows

gate valve

neutralizer (4 mlong)  MAMUG style

3D view of aneutral ion injector [adapted from P.Sonato, RFX, D- ion source

2009]; MAMUG = MultiAperture MUIti Grid. _ _
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